This study has two purpose. First, this study aims to analyse the requirements of batik industry on effective and powerful software to select their supplier effectively. Second, this study aims to design, build, and test a web-based decision support system that using Geographic Information System (GIS) to select the best supplier for particular raw material. A prototype approach is used as a method for developing a web-based decision support system and several SMEs and supplier of batik industry in Central Java and Jogjakarta is used as a preliminary of object for proposed web-based decision support system. Thus, after the initial prototype of an information system was developed, this study use acceptance sampling with alpha and beta testing and also use system testing with positional accuracy testing as a tool for revising and enhancing the initial prototype. The result of all of those testing indicate that application of supplier selection based on GIS in the batik industry has been successfully used and did not experience an error, satisfied the user need and there was no differences between the coordinate of selected starting and ending point from GIS with the coordinate of selected starting and ending point from Global Position System (GPS).
inventories at the SME, at right price (or cheap) of the right quality (for example, by adhering to ISO standards) (Davidrajuh, 2000) . Despite there were so many web-based application for helping the SMES, this research focus on development a web-based decision support system that has two functions: the first function, a webbased decision support system will use Geographical Information Systems (GIS) to find several nearby supplier of a particular raw material in a particular geographic area, and the second function, a web-based decision support system will indicate the best supplier based on the minimum cost of delivery. So, based on this condition, this study aims to: (i) analyze the requirements of batik industry on effective and powerful software to select their supplier effectively; and (ii) design, build, and test a web-based decision support system that using GIS to select the best supplier for particular raw material.
The rest of the paper is organized as follows. The following section will be consist of the relevant literature about criteria for supplier selection, GIS and Google Map API. This is followed by methodology of research which includes the steps of application development. Then the result of analyzing the requirements of batik industry on effective and powerful software and the result of application development will be explained in the next section. Finally, the last section will be consist of a summary of the findings and some limitation of the study.
II. Literature Review

A. Criteria for Supplier Selection
To persist in the strongly competitive market, it is often critically important to not only develop current suppliers but also to find a new suppliers. In this case, to find a new supplier, firm usually need to select appropriate suppliers that can provide faster delivery, reduced cost and improved quality in order to increase corporate competitiveness and additionally searching for those suppliers and continuously assessing their performance are critical supply chain activities (Yang and Chen, 2006) . This condition make the decision making process of selection of new supplier can be a complicated process since there is so many criteria that must be considered (qualitative and quantitative criteria or tangible and intangible criteria) and each criteria can have conflict each other's. Besides that, the firms usually have internal and external constrains imposed on buying process (Vera and Pullman, 1998). Dickson (1966) introduced 23 criteria for supplier selection in his publication. The study was enhanced by Weber et al (1991) Mwikali and Kavale (2012) and Kar (2014) . Some of criteria for supplier selection can be described as follow. • Quality. According to Ho et al (2010) , quality is the first most popular criteria for supplier selection.
According to Beamon (1999) , quality criterion has been measured on the basis of the importance of the following quality dimensions: management commitment, process improvement of suppliers, quality planning and quality assurance in supply chain, quality assessment in production, inspection and experimentation and quality staff of supplier (Beamon, 1999 (Kibe, 2000) . • Geographical Location. The location of the supplier and its physical and social status should be analyzed properly before selection of global partner (Fawcett and Magnan, 2001; Mwikali and Kavale, 2012) . Geographical location is a preferred criterion as it will decide whether to engage a local or distant supplier which will ultimately have an impact on purchasing costs of raw material. Of course, price offered and quality were still the important criteria, but knowing the location of suppliers who can provide raw material with desired price and quality were also important and this can reduce the cost of production (Jain et al, 2013) .
B. Geographical Information System and Google Map API
In the last decade, Geographical Information System (GIS) has become an important tool for planning and making strategic decision based on information system. There were numerous definition of GIS. The first definition of term of GIS as a decision support system was made by Cowen (1988) . A GIS is a decision support system involving the integration of spatially referenced data in a problem-solving environment. Then, Star and Estes (1990) defined GIS as an information system that is deliberate to work with data referenced by spatial or geographic coordinates. In other words, a GIS is both a database system with specific capabilities for spatiallyreferenced data, as well as a set of operations for working with the data. The other definition of GIS came from Christiansen (1998) . A GIS is a system, consisting of hardware, software, data, procedures and a proper organizational context which compiles, stores, manipulates, analyses, models and visualizes, spatial data, to solve planning and management problems. According to Selamat et al (2012) , basically, GIS can be divided into three parts of definition, a computer based, dynamic mapping system with spatial data processing, and the ability to query. Clearly, GIS is a computer technology and a dynamic system controlled by human. The system allows us to organize and view the map, change the colors, symbols, and labels, zoom the map to get detailed information, change the layer map, and obtain data that was recorded. Users of the system can put the dots on the map from scratch and be able to perform data query (Selamat et al, 2012) . Fundamentally, a GIS is a tool for linking attribute databases with digital maps. GIS also provides users with advanced modeling functions, tools for design and planning, and advanced imaging capabilities. While many of these capabilities also exist in other types of systems, such as visualization and virtual reality systems, GIS is unique because of their emphasis on providing users with a representation of objects in a cartographically accurate spatial system and on supporting analysis and decision-making (Mennecke, 2000) GIS can be used in the level national or level company. In level national, for example, GIS usually used by federal, state, and local governments for assessing and planning such areas as land use, healthcare, housing, natural resources, transportation, and environmental monitoring. In the level of companies, GIS usually used for expand and consolidate their business, make market analysis, or to find the best delivery routes for distribution of their product (Longley et al, 1999) . Specifically for supply chain analysis, GIS is used as a tool for addressing logistics and transportation problems.
According to Peng and Tsou (2003) , since the emergence of the internet in the 1990s, the internet has affected GIS in three major areas: GIS data access, spatial information dissemination and GIS modelling/processing. In this case, access to and transfer of spatial data over the internet are the first steps toward true internet GIS and the use of Google Maps Application Programming Interfaces (API) has been shown to have great potential as GIS software for developing Internet GIS solutions (Chow, 2008) . Google Maps is a free web map server application and technology provided by Google that powers many map-based services. The user can also control the map with the arrow keys to move to the desired location. To allow for quick movement, the "+" and "-" keys can be used to control the zoom level. Users may enter an address, intersection or general area to quickly find it on the map. Google Maps offers three viewing modes by default: Map (Street map views), Satellite (satellite and high-resolution aerial photographs) and Hybrid (Street maps overlaid on satellite and high-resolution aerial photographs) (Gomez, 2007) . To use Google maps, the first step is doing registration to get the API key from Google that will be used in the program code. Registration can be done through http://www.google.com/apis/maps/signup.html. It would be better if a programmer has to know web programming language, such as HTML, XML, and Java Script because JavaScript is the native language of Google Maps and Google Maps is built of XHTML (Extensible HTML), formatted with CSS (Cascading Style Sheet) (Udell, 2009) 
III.
Method of Research
C. Study Region
There were several SMEs and supplier of batik industry in Central Java and Jogjakarta attached in the proposed web-based decision support system as a preliminary of object for this application. It is because Central Java and Yogyakarta are three two main region of batik craft's industries in Indonesia. The Central Java export Using Geographic Information Systems to develop decision support system for supplier selection in.. DOI: 10.9790/0661-1804030113 www.iosrjournals.org 4 | Page batik to USA $2.175 million in 2011, rise 9 percent compare to 2010 of at least $1.992 million. In Yogyakarta, there were more than 500 motif batik and export batik from Yogyakarta at least US $ 36.53 million in 2015.
D. Data Acquisition
There were many type of suppliers of raw material for batik industry in Central Java and Yogyakarta. For this study the scope of materials was restricted to only fabric and wax, owing to its importance and availability. Data about supplier of fabric and wax is collected by observation and conduct an interview to the SMEs. There were several data from supplier that must be collected before mapped. The data of supplier is included personal information of suppliers like name and address, details of materials like price of material and cost of transportation.
E. Application's Development
Basically, there were two function will be develop in this application and prototype approach is chosen as a method for development. The notion of prototyping in system or application development emerged in the late 1970's (Naumann and Jenkins 1982, Bally et al. 1977 ) as a reaction against more traditional phase-oriented models (e.g. linear models, life-cycle models, waterfall models etc.) of how to develop computer systems (Avison & Fitzgerald 1988 , Bally et al. 1977 , Boehm 1988 , Hekmatpour & Ince 1988 , Lantz 1986 ). Graphically, the prototype approach for system or application development can be seen in figure 1. According to that figure, there were four-step in developing application with prototype approach. The first step is identify the user's basic requirement. In this step, the system designer (usually an information systems specialist) works with the user only long enough to capture the user's basic information needs. The second step is developing an initial prototype. In this step, the system designer creates a working prototype quickly, using tools for rapidly generating software. The third and fourth step are using the prototype and revising and enhancing the prototype. In this step, after the prototype has been developed, the end users and clients are given an opportunity to use the prototype and play with it. Based on their experience, they provide feedback to the developers regarding the prototype: what is correct, what needs to be modified, what is missing, what is not needed, etc. Based on the feedback, the prototype is modified to incorporate some of the suggested changes that can be done easily, and then the users and the clients are again allowed to use the system. This cycle repeats until and client are satisfied (Laudon and Laudon, 2002; Ajah and Ugah, 2013)
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Step There are some tools used for developing a working prototype, i.e. Use-Case Diagram, Context Diagram, Data Flow Diagram, and Entity Relationship Diagram. Use cases diagrams are a type of UML diagram whose purpose is to define graphically the functionality of a system in terms of actors, use cases and relations (Eichelberger, 2008) . They have great importance as a technique for extracting and defining functional requirements from the user point of view (Cockburn, 2000) . The context diagram is a top-level view of an information system that shows the boundaries and scope. It describes the main objective of the system and the entities involved (Kapil et al, 2014). The context diagram is used to describe the relationship of input-processoutput between the systems with the outside environment (Satzinger et al, 2010) . It represents all the processes that occur in the system. The context diagram was then decomposed into sub-processes or Data Flow Diagram (DFD) (Yakubu et al, 2011) . Data Flow Diagram (DFD) was first proposed by Larry Constantine the original Using Geographic Information Systems to develop decision support system for supplier selection in.. DOI: 10.9790/0661-1804030113 www.iosrjournals.org 5 | Page developer of structured design at 1970s. According to Dixit and Kumar (2008) , DFD is a graphical tool that allows system analysts and users to depict the flow of data in an information system. DFD symbols consist of four symbols which are processes, data flows, data stores and external entities. Level 0 DFD represents a system's major processes and usually called as context diagram. Every process in the level n-1 DFD would be decomposed into its lower-level data flow diagram which is level n data flow diagram. The key principle in data flow diagram is to ensure balancing which means that the data flow diagram at one level is accurately represented in the next level data flow diagram when developing a project (Ibrahim and Yen, 2012) . The ideal level of decomposition is to decompose the system until system analysts and users can provide a detailed description of the process whereby the process descriptions is not more than one page. Then, validation should be taken to the final set of DFD to ensure the quality of DFD. In general, the problem in DFD can be divided into two category, i.e. syntax errors and semantics errors. Tao and Kong (1991) defined the syntax of the data flow diagram is how components are interconnected through data flows and what components constitute the subsystem being modeled. On the other hand, the semantics of the data flow diagram is how data flows are interrelated in terms of data transformations. Compared with syntax error, semantics are more complicated because of a set rules that need to be followed in order to identify them. As an example, every process has at least one input data flow and every process has at least one output data flow. Based on this condition, it is important for someone to understand the set of rules for data flow diagrams. Once the rules are understand, a formal model can be developed based on the rules so that the formal model can be used to perform consistency check between context diagram and level 0 data flow diagram. The formal model can guarantee that the correctness and reliability of data flow diagrams can be increased (Ibrahim and Yen, 2011) . The entity relationship diagram (ERD) is the standard data technique for creating data models. The ERD enables an analyst to create a graphical view of the data concepts of an organization and their relationships (Arsovski, 2012) . The ERD was introduced by Chen in early 1976 (Chen, 1976) . The basic components of the ERD are entities, properties of entities called attributes, and relationships between entities
IV. Result F. Identify Basic Requirement
The basic requirement of SMEs is to find the supplier which can supply the SMEs the right amount of material at the right time and at the lowest purchasing cost. For this reason, the SMEs need to know the geographical location of each supplier. In this case, knowing geographical location of each supplier will make the SMEs can choose the closer supplier with their location so the SMEs can minimize the delivery cost which will ultimately have an impact on purchasing costs of raw material. The need of SMEs to know the geographical location of each supplier can be solved by develop a web-based decision support system application that using Geographical Information Systems (GIS) which facilitated by Google Maps.
Thus, there is a number information or database needed to develop those application i.e. the information about each SME, the information about raw material needed, the information about supplier, and the information about availability of raw material. The information about SMEs will be consist of the personal information of SMEs such as the name of SME, the location of SMEs, the type of batik produced, e-mail address, and the phone number. The information about raw material needed by SMEs will be consist of the type of raw material needed (fabric, dye, or wax) and amount of raw material needed. The personal information about each supplier will be consist of the name of supplier, the location of supplier, e-mail address, and phone number. The availability of raw material from supplier (the type and amount of raw material will consist of the price of raw material and the delivery costs of raw material in accordance with the type of transport that will be used, as well as the amount of particular materials to be transported.
Procedures for the supplier selection based on the most minimal delivery costs can be explained as follows. First, the users (SMEs) will see the map of Central Java and Yogyakarta. Then, the users will determine their location on the map as the point of destination for delivery of raw material. In this case, the point of destination can be selected through the menu if the SMEs has been registered in the database; or, SMEs can put the cursor on the map that is expected of their recently location. The SMEs selects the type and the amount of raw material will be purchased. The system will be display delivery path of each suppliers that sell these types of materials to be purchased. Besides that, the system will be display an information about the delivery cost of each supplier based on type transportation which is used to make deliveries.
G. Develop a Working Prototype of a Web-based Decision Support System
This section will discuss about use case diagram, data flow diagram, entity relationship diagram, interface design, and system evaluation and testing 1) Use Case Diagram, Data Flow Diagram and Entity Relationship Diagram The use case diagram for supplier selection of raw material in batik industry based on GIS is presented in Figure  1 .
Using Geographic Information Systems to develop decision support system for supplier selection in.. DOI As it can be seen in that figure, the client of this application consist of four actors who carry out activity on the system, i.e. administrator, surveyor, assessor, and user. Thus, the activity which can be carry out by the actors are included login, getting information about SMEs or supplier, input data of SMEs or supplier, edit data or SMEs or supplier, validation data about SMEs or supplier and getting information about location about supplier and calculate the delivery cost for certain type of raw material. Administrator, surveyor or assessor can be login to the system (or main page) by entering their username and password. Administrator and surveyor can input, edit, and validate the data about SMEs and supplier. User cannot input, edit, or validate the data about SMEs and supplier. User only can see those data. Besides that, the user also can make a comparison the distance between SMEs batik and location of suppliers and delivery cost that will be charged to SMEs Batik.
Context Diagram that shows the system boundaries, external entities that interact with the system and the major information flows between the entities and the system can be seen in Figure 2 . The context diagram in figure 2 represents several entities, such as user, assessor, surveyor, and administrator. In this case, each entities supplies some information to the system and after those information processed by the system, the entities can retrieve some information from the system and using it. Thus, the context diagram is further decomposed into the lower-level, and each process on the level can be decomposed into more explicit Data Flow Diagrams (DFDs) level 1, DFDs level 2, and DFDs level 3 (see Fig. 3, Fig.4, and Fig. 5 ). DFD level 1 will describe the processes contained in the GIS of supplier selection of raw material in batik industry, namely login, management of information, and the calculation of delivery costs. Thus, DFD level 2 will describe the details of the process of the management information contained in the DFD level 1; whereas, DFD level 3 will describe the detail process of edit data of SMEs or suppliers.
GIS of Supplier Selection of Raw Material in Batik Industry
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H. Interface Design
The user interface is the aggregate of means by which people (the users) interact with a particular machine, device, computer program, or other complex tool (the thing). The user interface provides (the) means of: input, allowing the users to control the system; (and) 0utput, allowing the system to inform the users (feedback) (Deshmukh and Kaushik, 2013) Some display of user interface belongs to the GIS for supplier selection in batik industry can be seen in Fig 7 until Fig 10.   Figure 7 . The interface of beginning application 
I. System Evaluation and Testing
After the initial of prototype of a web-based decision support system was developed, the researchers conducted a comprehensive functional testing and evaluation. Functional testing is very common and lots of research is done on them in past that's why only in rare cases a site crashes due to lack of functional testing (Hooda, and Chhillar, 2015) . There were to type of functional testing test used in this study to ensure the validity and reliability of the information system being develop, i.e. acceptance testing and, and system testing. The first, acceptance testing is performed mainly known as alpha and beta testing to ensure the customers are able to perform intended functionality and feedback is taken to further enhance quality of software. Alpha testing is conducted when any type of new software or version of old software is released. Alpha test involves the process of quality inspection of the information system design. Alpha testing is a type of acceptance testing performed by the developers under controlled environment at software development site.
Usually, alpha testing are tested by some specific groups of users, those who are chosen by the software developer. They test and check whether all the features in the software that are provided work properly or not (Lawanna, 2012) . Alpha testing is a kind of both black box as well as white box testing technique (Goel and Gupta, 2014) . Additionally, alpha testing can also conduct by the gray box testing technique which is combination of black and white box techniques (Beizer, 1990) . Beta testing is conducted after alpha testing. Beta testing is also known as pre-release testing. Versions of the software refer to beta versions that are released to limited groups of people. It can ensure the product has a few bugs or faults. Sometimes, beta versions are produced to the public to increase the feedback area and to increase the number of future users. Beta testing is a kind of black box testing technique. Fewer crashes and some bugs are expected in beta testing (Lawanna, 2012; Goel and Gupta, 2014) . The second, system testing is related to test the overall system to ensure that it is behaving or functioning as intended and as specified in requirement document (Hooda, and Chhillar, 2015) .
1) Acceptance testing
There were two type of acceptance testing used in this study, i.e. alpha testing and beta testing. Then, this study used black bock technique for alpha testing. Black box testing technique is based on the analysis of the specifications of a piece of software without reference to its internal working. The goal is to test how well the component conforms to the published requirement for the component. Black box technique only examines the fundamental aspect of the system. It makes sure that input is properly accepted and output is correctly produced (Pardeshi, 2013) . Thus, there were four group of users (administrator, surveyor, assessor, and user) are chosen to conduct the alpha testing with black box technique. In detail, the result of those testing can be seen in table 1.
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Accordance with the design As seen in Table 1 , the result of alpha testing with black-box technique indicates that the all functions contained in the web-based decision support system being developed have been running properly. In the other words, it can be said that all the functions of the application of supplier selection based on GIS in batik industry has been successfully used and did not experience an error; if there is an error, this is caused by users who do not provide right input. In this study, beta testing is carry out by giving some questionnaire to the twelve potential user. It can be said that this study use "closed beta" in which beta testing is done by a closed group of individuals. In detail, list of questionnaire and the answers from twelve of potential users can be seen in Table 2 . So, based on the percentage of answer of the twelve respondent, the result of user evaluation regarding the functionality of the application being developed were summarized as follows: (i) at least two third of respondent agree that the application has a good user interface; (ii) more than half of respondent agree that the application make the users can easily get the information about supplier of raw material which is located in Central Java and Yogyakarta; (iii) more than half of respondent agree that features contained in the page of location of SMEs make the users easier to find the nearest supplier or to find supplier with lower cost of transportation; (iv) half of respondents agree that operationalize of this application is easier to understand; and (v) two third of respondent agree that the application can help the SMEs to make effective decision about their supplier.
2) System testing
Testing the positional accuracy is used as a tool for testing the system. Positional accuracy probably the most obvious aspect of quality and evaluates how well the coordinate value of an object in the database relates to the reality on the ground. Testing of positional accuracy is carry out by comparing the coordinate system from GIS which is used in this application with the coordinate system from Global Positioning System (GPS). GPS is a satellite and ground-based radio navigation and location system that enables the user to determine very accurate locations on the surface of the Earth (Enan, 2015) . More specific, testing of positional accuracy will be carry out by assessing the differences between the coordinate of selected starting and ending point from GIS with the coordinate of selected starting and ending point from GPS. The result of testing of positional accuracy can be seen in Table 3 . There is no differences between the coordinate of selected starting and ending point from GIS with the coordinate of selected starting and ending point from GPS 
V. Conclusion
First, this study aims to analyze the requirements of batik industry on effective and powerful software to select their supplier effectively. Second, this study aims to design, build, and test a web-based decision support system that using GIS to select the best supplier for particular raw material. This study use prototype approach as a method for developing a web-based decision support system. There were four-step in developing a web-based decision support system. The first step is identifying the user's basic requirement. The second step is developing an initial prototype, and the third and fourth step is using the prototype and revising and enhancing the prototype. After the initial prototype of an information system was developed, this study use acceptance sampling with alpha and beta testing and also use system testing with positional accuracy testing as a tool for revising and enhancing the initial prototype. The result of alpha testing indicates that all the functions of the application of supplier selection based on GIS in the batik industry has been successfully used and did not experience an error; if there is an error, this is caused by users who do not provide right input. The result of beta testing can be summarized as follows: were summarized as follows: (i) at least two third of respondent agree that the application has a good user interface; (ii) more than half of respondents agree that the application makes the users can easily get the information about supplier of raw material which is located in Central Java and Yogyakarta; (iii) more than half of respondents agree that the features contained in the page of location of SMEs make the users easier to find the nearest supplier or to find a supplier with lower cost of transportation; (iv) half of respondents agree that operationalize of this application is easier to understand; and (v) two third of respondent agree that the application can help the SMEs to make an effective decision about their supplier. Thus, the result of positional accuracy testing indicates that there is no differences between the coordinate of selected starting and ending point from GIS with the coordinate of selected starting and ending point from GPS This study has some limitations. The first limitation relates to the study region, which only Province of Central Java and Yogyakarta. Therefore, the scope of web-based decision support system being developed in this study is very limited. Thus, future research should attempt to include the other study region, such as Province of East Java and West Java, or maybe, the future research may include all the provinces of Indonesia. So, this webbased decision support system not only can be used by the SMEs batik in the Province of Central Java and Yogyakarta, but also can be used by the SMEs located in the other province. The second limitation is related to the aspect that need to be considered in the design of web-based decision support system of supplier selection. In this case, the road and traffic condition have not been considered in the design of web-based decision support system for supplier selection. In this case, the road and traffic condition can influence the fuel consumption and lead time delivery, which in turn, it will be influenced the cost of delivery and also the number of inventories. Based on this condition, the future research should include the road and traffic condition as the important criteria for selecting the best supplier among several suppliers located near the SMEs. The third limitation is related with implementation of web-based decision support system for supplier selection among SMEs. Only several SMEs has been chosen for a sample to try the prototype of web-based decision support system being Using Geographic Information Systems to develop decision support system for supplier selection in.. DOI: 10.9790/0661-1804030113 www.iosrjournals.org 12 | Page developed. It is necessary to make sure that proposed web-based decision support system for supplier selection can be used by SMEs batik. In this case, the government as a regulator, must encourage the SMEs uses the webbased decision support system for supplier selection through several policies such as conduct a training about using the software, provide some facilities (computers and the internet) which can be used by SMEs to run the application, and the other relevant policy. So, based on this condition, it is necessary for the future research to conduct a study about policies should be done by the government and, also design the indicator to measure the success of the implementation of that policy.
